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Abstract

:

Objectives: Using toothpaste with activated carbon might increase the decay of orthodontic elastomeric chains’ (ECs) tensile strength, thereby compromising orthodontic treatment. Therefore, this study aimed to evaluate the influence of activated charcoal toothpaste on orthodontic ECs. Materials and Methods: A total sample of 180 EC segments from 3M Unitek®, Ormco® and Ortho Classic® brands were equally divided into 12 groups, each comprising 15 specimens. These pieces were kept in artificial saliva at 37 °C and brushed twice daily for 28 days, with three distinct types of toothpaste: Colgate® Total, Colgate® Max White, and Dr Organic® Extra Whitening Charcoal Toothpaste. The latter two toothpastes contain activated charcoal. Tensile strength, resistance to rupture and colour variation were evaluated at time zero and day 28. Descriptive statistics, one-way ANOVA and Tukey HSD tests were performed at p ≤ 0.05. Results: Toothpaste with and without activated carbon significantly reduced the tensile strength and resistance to rupture of the ECs, and altered EC colour (p < 0.0001). There was inconsistency in the effect of the activated carbon on EC characteristics, most probably due to the different compositions of the ECs and percentages of whitening agents in the toothpastes. Conclusions: The material composition of ECs contributes to their tensile strength decay, resistance to rupture and colour change over time. The variable percentage of activated carbon in a toothpaste likely underlies the different effects observed, depending on the EC brand. Clinical Relevance: It might be reasonable to advise patients wearing ECs to avoid using toothpaste with activated carbon until further evidence becomes available.
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1. Introduction


Elastomeric chains (ECs) are amorphous polyurethane-based polymers that exhibit the properties of both rubber and plastic, both of which account for their elasticity [1]. The form, colour, shape memory, flexibility, low cost, and ease of handling of ECs have resulted in their extensive incorporation into orthodontic practice in recent decades [2,3]. However, despite the favourable characteristics of ECs, their ageing pattern and mechanical efficiency are marked by a quick onset of intra-oral maturation, leading to a loss in strength of 50–75% over time [4,5], causing alterations in the force they apply to teeth from a continuous pattern to an interrupted form [3].



It is generally recognized that a fixed orthodontic apparatus offers favourable sites for microorganism colonization and plaque retention, which might cause enamel demineralization and periodontal disease [3,6]. ECs, specifically, might enhance bacterial plaque colonization due to their latex component’s rough surface and absorption characteristics [7]. Therefore, it is recommended that a customized oral hygiene care protocol be implemented, including brushing teeth with effective toothpaste and use of mouthwashes [7].



Numerous types of toothpaste have been developed and introduced onto the market. Nearly all contemporary toothpaste includes essential elements such as thickening agents, flavour, surfactants, water and specific agents that benefit consumer needs. These benefits include whitening teeth, improving gingival care, reducing tooth sensitivity, freshening breath and increasing enamel resistance to the risk of caries [8,9].



There has been an increase in both the demand for and supply of whitening toothpaste containing activated carbon [8,9]. This abrasive component removes and prevents the formation of external enamel pigments but can be excessively abrasive due to the particles’ size [10,11]. Throughout fixed orthodontic treatment, tooth enamel is frequently more susceptible to stains, leading patients to use whitening instead of conventional toothpaste to regain tooth brightness. Dental plaque and discolouration are removed from teeth through a three-component scheme consisting of the toothbrush bristles, enamel tooth surface and the activated carbon abrasive particles in between [12,13]. The mechanical action of brushing bonded teeth wearing auxiliary ECs might increase the decay of the ECs’ tensile strength, compromising orthodontic treatment [14]. Other local considerations might exacerbate the impact of toothpaste, such as the number and shape of toothbrush bristles, as well as the frequency of brushing and brushing technique [15,16]. Numerous investigations confirmed that active carbon toothpaste is highly absorbent and can exchange ions across nanopores, adhere to enamel and remove stains by absorbing pigments from the tooth enamel surface [15,16,17,18]. A search of the published literature found only two studies exploring the impact of activated carbon on ECs [5,14]. Behnaz et al. [14] concluded that toothpaste with whitening agents significantly reduces EC tensile strength compared to non-whitening toothpaste. However, their investigation used only one type of EC (3M Unitek®, 3M Unitek Corporation, Monrovia, CA, USA). In another study, Pithon et al. [5] observed a similar degrading effect of two of the most widely used whitening mouthwashes (Plux and Listerine) on an EC manufactured by Morelli (Sorocaba, Brazil). Furthermore, according to our search, none of the studies investigated the impact of activated carbon toothpaste on the EC rupture point or colour stability. Therefore, this study aimed to evaluate the effect of toothpaste containing activated carbon on the force degradation of different brands of orthodontic ECs. A further aim was to evaluate the effect of these whitening toothpastes on the EC rupture point and their colour stability. Within this context, the following null hypotheses were tested:




	
The presence or absence of activated carbon agents in toothpaste has a similar effect on EC tensile strength degradation over time;



	
The presence or absence of activated carbon agents in toothpaste has a similar effect on the EC rupture point over time;



	
The presence or absence of activated carbon agents in toothpaste similarly affects the EC colour stability.









2. Materials and Methods


This was an experimental invitro study undertaken at the Egas Moniz School of Health and Science—Instituto Universitário Egas Moniz (IUEM). The investigation was approved by the Scientific Committee of IUEM.



2.1. Sample Size


Based on the results of a previous study [14] and considering a 5% significance level and a 95% power, a minimum of 12 segments of each of the three examined ECs was determined to be necessary. This was increased to 15 to compensate for any losses during the experimental procedure.




2.2. Sample Preparation


A total of 180 pieces of transparent closed-type ECs were prepared, comprising three brands: 3M Unitek®, 3M Unitek Corporation, Monrovia, CA, USA, Ormco® (Orange, Ca, USA) and Ortho Classic® Orthodontics (McMinnville, OR, USA). There were 60 specimens of each brand divided into four groups, resulting in 15 specimens in each group. One group of each brand was tested before starting the experiment to determine the baseline (day zero) tensile strength, resistance to rupture and colour, while the other three groups of each brand were included in the experiment. The length of each segment was based on the number of modules included in each specimen. There were four modules in each segment, corresponding to 8.5 mm for 3M Unitek®, 9.0 mm for Ormco® and 9.5 mm for Ortho Classic®.




2.3. Acrylic Plates


Three customized acrylic plates were fabricated. Each plate was 24 cm in length and 3 cm wide, and 90 welded steel pins (1 mm in diameter) were mounted in two parallel lines, making it possible to place 45 ECs on each plate, 15 from each brand, 5 mm apart (Figure 1). The distance between the two parallel rows was designed to allow a 50% stretching of the ECs of the three brands (3M Unitek®, 12.75 mm; Ormco®, 13.5 mm; and Ortho Classic®, 14.25 mm). The three plates were then categorized into three equal groups, each brushed twice daily as follows: Group 1 (G1) with Colgate® Total Original (New York, NY, USA) toothpaste (activated carbon-free); Group 2 (G2), Colgate® Max White Charcoal (New York, NY, USA) toothpaste; and Group 3 (G3) Dr Organic® Extra Whitening (Llansamlet, Wales) toothpaste (the latter two contained activated carbon). One operator undertook all the experiments to minimize possible human error.



The mounted acrylic plates were then immersed in artificial saliva at 37 °C (±1 °C) and stored for the duration of the experiment (28 days) in a universal incubator (Memmert® INE 4002, Memmert GmbH, Schwabach, Germany). To simulate the effects of daily toothpaste use, the same operator performed the brushing by applying a quantity of 0.4 mm of the designated toothpaste in each brushing cycle using a syringe. Before returning the specimens to the incubator, the plates were washed with running water for 30 s to remove any remaining toothpaste from the ECs. This step was repeated daily throughout the experiment (28 days). The EC tensile strength, resistance to rupture and colour stability were evaluated on day 28.




2.4. Determination of the Tensile Strength


The tensile strength was measured using a calibrated Autograph AG-IS14 Universal Testing Machine (Shimadzu, Kyoto, Japan). The test was performed by attaching one end of the EC segment to a post fixed by a screw to a jig, while placing the other end of the EC on a second identical post on the same jig. Subsequently, the EC was stretched by 50% of its length and the force delivered was recorded in Newtons (N).




2.5. Determination of the Resistance to Rupture


The resistance to rupture of each EC was assessed using an AG-IS Universal Kit (Shimadzu). Each specimen was attached firmly to two jigs on the machine and the test was performed by stretching the examined specimen at a constant velocity of 100 mm/min until the rupture point was reached.




2.6. Determination of Colour Stability


The colour stability in each EC specimen was evaluated using a spectrophotometer, the SpectroShade Micro 15 (Medical High Technologies, Bad Krozingen, Germany), with a CIE L*a*b* system. The CIE L*a*b* system consists of three colour coordinates: L*, lightness (–L* = black; ±L* = white); a*, green–red (–a* = green; ±a* = red); and b*, blue–yellow (–b* = blue; ±b* = yellow). The magnitude of the total colour difference (between day zero and after brushing on day 28) was represented by a single number ΔE, where ΔE = [(ΔL*)2 ± (Δa*)2 ± (Δb*)2]1/2 and ΔE is the result of the chromatic difference of each coordinate. Thus, ΔL* = L* final − L* initial; Δa* = a* final − a* initial; and Δb = b* final − b* initial. For colour determination, the total sample was placed on a white base under the same measurement conditions. This white base was located inside a black box to avoid possible effects of light in the environment. Prior to recording the results, the device was calibrated following the manufacturer’s recommendations. The assessment of colour was performed on day zero and day 28.




2.7. Statistical Analysis


Statistical analysis was performed using the IBM® SPSS Statistics package v. 290. Descriptive statistics (mean and standard deviation (SD)) were computed for the experimental outcomes, considering the differences in tensile strength, rupture point and colour change. Inferential comparison of mean values was performed by one-way ANOVA followed by Tukey’s and Duncan’s post hoc tests. A significance level of 5% (p ≤ 0.05) was established for all inferential analyses.





3. Results


3.1. Baseline Discrepancy between the Three Brands of ECs


Table 1 displays the mean values and SD of the baseline tensile strength of the three EC brands recorded on day zero (when the ECs were stretched by 50% of their original length). The ANOVA revealed significant differences in the mean values of tensile strength (p = 0.003) and resistance to rupture (p < 0.001) between the three brands of ECs before using any toothpaste (p ≤ 0.003). Duncan’s multiple range post hoc test showed that the Ortho Classic® EC (3.717 ± 0.11 N) had a tensile strength significantly greater than the 3M Unitek® (3.287 ± 0.14 N) and Ormco® (3.327 ± 0.09 N) EC brands. Furthermore, Tukey’s HSD post hoc test revealed a significant difference in the resistance to rupture between the ECs of the three brands in the following order: Ormco® (42.628 ± 0.213 mm), 3M Unitek® (36.352 ± 0.604 mm), and Ortho Classic® (31.323 ± 0.210 mm).




3.2. Tensile Strength Assessment within and between Groups on Day 28


For the ECs in all groups, there were significant losses in tensile strength, with the mean value approaching 50% or more of their initial strength on day zero (p < 0.001), with significant differences between brands. Thus, Ortho Classic® showed the greatest drop in tensile strength (ranging from 58.48% to 64.54%), followed by 3M Unitek® (ranging from 54.86% to 57.23%) and lastly, Ormco® (ranging from 47.73% to 52.39%). A Tukey HSD post hoc test revealed that the type of toothpaste used did not significantly influence the strength loss within each of the EC brand groups over time, except in the case of Ortho Classic® ECs brushed with Colgate Max White® toothpaste, which lost a mean value of 64.54% of its strength compared to the strength decay when exposed to Colgate Total® (60.89%) and Dr Organic® (58.48%) (Table 1).




3.3. Rupture Point Assessment within and between Groups on Day 28


Significant differences were observed in the mean values of resistance to rupture within each group of the three EC brands between day zero and day 28 (p < 0.001). A Tukey HSD post hoc test revealed that the type of toothpaste used did not significantly affect the value of the rupture point across the EC groups over time (p = 0.195), except for the Ormco® EC group brushed with Dr Organic® Extra White toothpaste (which showed a loss of 10.49%). This was significantly different (p < 0.001) from the other eight groups (Table 2).




3.4. Evaluation of Colour Change within and between Groups on Day 28


There was a significant colour change within each EC group over time: Dr Organic Extra Whitening toothpaste had a significantly greater colour-alteration effect on Ormco® and Ortho Classic® ECs compared to the other groups brushed with Colgate Total® and Colgate® Max White and to the 3M Unitek® ECs cleaned with Dr Organic® Extra Whitening toothpaste (Table 3).





4. Discussion


ECs are frequently used for force transmission during orthodontic treatment. Numerous investigations have examined the mechanical impact of intraoral environmental factors on the degradation of EC tensile strength over time [2,3,19]. The growing interest globally in using whitening toothpaste has necessitated investigating the effect of whitening components on EC characteristics.



The in vitro design of the present investigation offered the possibility of evaluating one covariate at a time (in this case, activated carbon) and avoiding the influence of other components present in the oral cavity, such as pigmentation caused by food and drink [20,21]. However, despite the previously reported advantages, an in vitro study design falls short in simulating the oral environment, which includes enzymes, pH variation, natural microflora and temperature fluctuation. Therefore, it is imperative to exercise caution when generalizing the outcomes of such investigations to clinical circumstances [20,21].



Throughout this investigation, the ECs were always stretched to a fixed distance between the pins installed on the acrylic plates without simulating the tooth movement that occurs during oral function. This might have affected the experimental outcome [14], and therefore, it is recommended that a randomized clinical trial be undertaken to further explore EC behaviour in a clinical setting.



Numerous laboratory-based investigations have reported the decay of EC strength over time [2,4,19,22,23,24,25,26]. Rock et al. [23]. concluded that only 43–52% of the initial EC tensile strength was maintained in a simulated oral cavity environment following four weeks of use, while an EC group maintained in air retained 70–75% of the initial elasticity. However, different brands of EC show dissimilar effectiveness [24,25]. This discrepancy might be attributed to processing variations and the different dimensional and morphological structures adopted [4,25].



The duration of the present experiment was 28 days, which is the average interval between clinical consultations in an orthodontic clinical setting. In line with the above findings in the literature, our study revealed significant discrepancies over time in the mechanical properties of three of the most popular EC brands in orthodontics (3M Unitek®, Ormco® and Ortho Classic®) following brushing with various toothpastes.



One consistent result in our study was that toothpaste, both with and without activated carbon, had a comparable effect on the degradation of strength of 3M Unitek® and Ormco® ECs. It should be noted that of the three EC brands, Ormco® lost the least tensile strength, while Ortho Classic® lost the most, regardless of the toothpaste used, with the highest tensile strength on day zero and the lowest on day 28. Ortho Classic® EC showed more significant tensile strength degradation with all three toothpastes than the 3M Unitek® and Ormco® EC groups. However, the Ortho Classic® EC tensile strength degradation was significantly higher when brushed with Colgate Max White® compared to brushing with Colgate and Dr Organic® toothpastes (third null hypothesis rejected). The difference in the behaviour of Ortho Classic® EC compared to 3M Unitek® and Ormco® EC groups over time seems to be related to the materials constituting the ECs and not to extrinsic factors.



A similar, earlier in vitro investigation by Behnaz et al. [14] concluded that tensile the strength degradation of ECs brushed with Crest® and Sensodyne® whitening toothpastes was greater than that of their control groups over time. However, the investigators used only one type of EC (3M Unitek®), and the brands of whitening toothpastes used were different from ours. Also, in another study, Pithon et al. [5] found similar degrading effects resulting from two of the most widely used whitening mouthwashes (Plux and Listerine) on an EC manufactured by Morelli (Sorocaba, Brazil). Nevertheless, a direct comparison between the previous and present studies is compromised by the heterogeneity of the materials used.



Our experiments show significant inherent discrepancies in the resistance to rupture among the three EC brands, with the Ormco® ECs being significantly more resistant before exposure to external elements. This resistance to rupture was significantly lower on day 28 in all groups. The activated carbon contained in the toothpastes did not significantly affect the value of the rupture point over time, except for Ormco® ECs, where the group brushed with Dr Organic® Extra White toothpaste had significantly weakened resistance to rupture compared to the groups exposed to Colgate Max White® toothpaste, which contains activated carbon, and Colgate Total® toothpaste, which does not (second null hypothesis rejected).



Transparent ECs have improved the aesthetic aspect of fixed orthodontic appliances. However, ECs are prone to discolouration due to their intrinsic components and the effects of extrinsic factors. Aldrees et al. [26] indicated a reference value of 3.3 ΔE as the threshold for a clinically visible and relevant colour discrepancy. None of the ECs tested reached this level of discolouration. Our investigation concluded that toothpastes altered the EC colour similarly, except for the significantly greater discolouring impact of Dr Organic® Extra Whitening toothpaste on the Ormco® and Ortho Classic® brands of ECs (third null hypothesis rejected); 3M Unitek® ECs were not affected in this way. This discolouration was not observed with Colgate Max White® toothpaste, which also contains activated carbon, possibly due to the different levels of activated carbon approved by each manufacturer.



This study indicates that the type of EC material used contributes to their strength decay and resistance to rupture over time. The tensile strength of Ortho Classic® ECs was the most significantly degraded, regardless of the toothpaste used, compared to the other EC brands. Further in vivo studies are recommended to gain a complete understanding of the elastomeric behaviour of more brands of ECs in the oral cavity, but we were able to show that activated carbon toothpastes have different effects on ECs over time, probably depending on their different compositions. Dr Organic® Extra Whitening toothpaste, which contains activated carbon, significantly weakened the rupture point and altered the colour of Ormco® and Ortho Classic® ECs. Given that the two toothpastes containing activated carbon did not have similar effects, it might be reasonable to advise patients wearing ECs to avoid using toothpastes with bleaching agents when using ECs until further evidence becomes available.



Toothpastes containing activated carbon are relatively new in the market, and few studies have been carried out to investigate their effect on dental materials. Therefore, further research is required. In particular, it would be interesting to evaluate the effect of other whitening toothpastes available in the market on the intrinsic characteristics of the available EC brands.




5. Conclusions


	
There are significant discrepancies in tensile strength, rupture point and colour between the three EC brands tested, both before and after their exposure to any toothpaste;



	
The material composition of each brand of EC contributes to its strength decay, resistance to rupture and colour change over time;



	
The percentage of activated carbon in a toothpaste may be responsible for the variable effects on each brand of EC.
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Figure 1. Acrylic plate used for stretching the elastic chains used in the experiment. 
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Table 1. Mean values and standard deviation for three tested elastic chain (EC) brands of tensile strength (ΔTS) (N) (stretched for 50%) on day zero and day 28 following exposure to different toothpastes. The percentage of the declining tensile strength at each time is also presented (15 EC specimen, per group).






Table 1. Mean values and standard deviation for three tested elastic chain (EC) brands of tensile strength (ΔTS) (N) (stretched for 50%) on day zero and day 28 following exposure to different toothpastes. The percentage of the declining tensile strength at each time is also presented (15 EC specimen, per group).





	
EC Brand

	
t0

	
Toothpaste

	
t28

	
ΔTS (t28 − t0)

	
Loss %






	
3M Unitek®

	
3.287 ± 0.143

	
Colgate Total®

	
1.448 ± 0.014

	
−1.84 b,c (±0.55)

	
−55.93




	
Colgate Max White®

	
1.484 ± 0.026

	
−1.80 b,c (±0.56)

	
−54.86




	
Dr Organic®

	
1.406 ± 0.014

	
−1.88 a,b,c (±0.58)

	
−57.23




	
Ormco®

	
3.327 ± 0.092

	
Colgate Total®

	
1.718 ± 0.021

	
−1.61 c (±0.35)

	
−48.37




	
Colgate Max White®

	
1.739 ± 0.030

	
−1.59 c (±0.38)

	
−47.73




	
Dr Organic®

	
1.584 ± 0.013

	
−1.74 b,c (±0.37)

	
−52.39




	
Ortho Classic®

	
3.717 ± 0.111

	
Colgate Total®

	
1.454 ± 0.017

	
−2.26 a,b (±0.40)

	
−60.89




	
Colgate Max White®

	
1.318 ± 0.018

	
−2.40 a (±0.45)

	
−64.54




	
Dr Organic®

	
1.543 ± 0.038

	
−2.17 a,b (±0.50)

	
−58.48








Multiple mean post hoc comparison through Tukey HSD test: different letters indicate significant different mean ΔTS values (p < 0.05). t0 before starting the experiment and t28 is at the end of the experiment.













 





Table 2. Changes in the elastic chain (EC) resistance to rupture (rupture point) (ΔRP) between day 0 (t0) and day 28 (t28). Values presented as means (± standard deviation), (15 EC specimen, per group).






Table 2. Changes in the elastic chain (EC) resistance to rupture (rupture point) (ΔRP) between day 0 (t0) and day 28 (t28). Values presented as means (± standard deviation), (15 EC specimen, per group).





	
EC Brand

	
T0

	
Toothpaste

	
T28

	
ΔRP (t28 − t0)

	
Lose %






	
3M Unitek®

	
36.352 ± 0.604

	
Colgate Total®

	
35.674 ± 0.309

	
−0.68 b (±2.35)

	
−1.87




	
Colgate Max White®

	
35.517 ± 0.264

	
−0.84 a,b (±2.40)

	
−2.30




	
Dr Organic®

	
36.343 ± 0.232

	
−0.01 b (±2.61)

	
−0.63




	
Ormco®

	
42.628 ± 0.213

	
Colgate Total®

	
42.782 ± 0.643

	
0.15 b (±2.46)

	
±0.36




	
Colgate Max White®

	
41.604 ± 0.663

	
−1.02 a,b (±2.46)

	
−2.4




	
Dr Organic®

	
38.155 ± 1.885

	
−4.47 a (±7.47)

	
−10.49




	
Ortho Classic®

	
31.323 ± 0.210

	
Colgate Total®

	
31.945 ± 0.138

	
0.62 b (±0.81)

	
±1.98




	
Colgate Max White®

	
31.404 ± 0.187

	
0.08 b (±1.34)

	
±0.26




	
Dr Organic®

	
31.907 ± 0.214

	
0.58 b (±1.32)

	
±1.86








Multiple mean post hoc comparison through Tukey HSD test: different letters indicate significant different mean ΔRP values (p < 0.05). t0 before starting the experiment and t28 is at the end of the experiment.













 





Table 3. Elastic chain (EC) colour change (ΔE) between day 0 (t0) and day 28 (t28). Values presented as means (±standard deviation), (15 EC specimen, per group).






Table 3. Elastic chain (EC) colour change (ΔE) between day 0 (t0) and day 28 (t28). Values presented as means (±standard deviation), (15 EC specimen, per group).





	
EC Brand

	
Toothpaste

	
ΔE (t28 − t0)

	
Min.–Max.






	
3M Unitek®

	
Colgate Total®

	
0.67 a (±0.48)

	
0.14–1.71




	
Colgate Max White®

	
0.66 a (±0.48)

	
0.22–1.91




	
Dr Organic®

	
0.92 a (±0.69)
